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Abstract. The relationship between host and symbiont 
is often difficult to assess and quantify. A novel technique 
that may help assess the host-symbiont relationship of 
organisms found in crab egg masses is described. This 
technique may have application in determining the re¬ 
lationship of other host-symbiont associations. Crab eggs 
were killed cryogenically and exposed in combinations 
with live eggs to a previously unreported symbiont of crab 
egg masses. The results indicated that the chytrid Rhi¬ 
zophydium littoreum is primarily a saprobe that attacks 
dead eggs; yet at high zoospore densities, it attacks and 
kills live eggs. Furthermore, R littoreum is the first chy- 
tndiomycete to be reported from a marine crustacean host. 
It was highly prevalent on the eggs of its host and was 
found throughout the year. 

Introduction 

Symbionts are, broadly speaking, two organisms living 
in association together (de Bary, 1879). There is a wide 
range of relationships that symbioses encompass— e.g., 
mutualism, commensalism, and parasitism (Noble and 
Noble, 1985)—and these relationships are often difficult 
to define. Several symbionts live in the broods of com¬ 
mercially important crabs and lobsters [e.g.. Callinectes 
sapidus (Rogers-Talbert, 1948), Cancer anthonyi (Shields 
etal, 1990), Cancer magister (Fisher and Wickham, 1976; 
Wickham, 1986), Homants amerieanus (Aiken el ai, 
1985; Campbell and Brattey, 1985), Paralithodes cani- 
tschalica (Wickham et ai, 1985; Runs el ai, 1991)]. In¬ 
deed, some of these symbionts are egg parasites or pred- 
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ators that may cause widespread brood losses in certain 
commercial stocks of'crustaceans (Wickham, 1986; Kuris 
and Wickham, 1987; Kuris et ai, 1991). Species of bac¬ 
teria, zoosporic fungi nemerteans, and amphipods have 
been found together on individual crab hosts, and all have 
been implicated as agents that cause egg mortality. The 
contributions of these sy mbionts to egg mortality in pop¬ 
ulations of some of these decapod hosts have only recently 
been elucidated (Shields and Kuris, 1988; Kuris et ai, 
1991). 

This is the first report of a chytrid symbiont infesting 
a marine crustacean host, the yellow rock crab. Cancer 
anthonyi. The fungus-like chytrid, Rhizophydium litto¬ 
reum Amon, 1984, was recovered and isolated from the 
eggs of C. anthonyi during a field survey for the presence 
of egg mass symbionts (Shields and Kuris, 1988; Shields 
et ai, 1990). The prevalence of the chytrid in the broods 
of C. anthonyi prompted an investigation into its role as 
a possible agent of egg mortality. The host-symbiont re¬ 
lationship was examined in laboratory studies that in¬ 
cluded a novel experimental protocol. 

Materials and Methods 

Ovigerous crabs were trapped in the Santa Barbara 
Channel, between Summerland and Gaviota, California. 
The crabs were collected at depths of 10-100 m by a com¬ 
mercial fisherman, transported directly to the laboratory, 
and maintained at ambient seawater temperatures in 280- 
1 flow-through fiberglass aquaria. 

The presence of R littoreum was established as follows. 
The egg samples were removed to sterile petri dishes con¬ 
taining UV-filtered seawater (2 X 35 //m activated charcoal 
filters, one ultraviolet-light filter. Rainbow Plastics, Filter 
Division, El Monte, California) for direct examination 
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with a stereo microscope. After three days the samples 
were observed again and streaked with sterile pipettes onto 
a sterile modified Vishniac medium (MV): 1.0 g glucose, 
1.0 g gelatin hydrolysate, 0.1 g baeto-peptone, 0 1 g yeast 
extract, 1.0 1 seawater, 15.0 g agar (modified from Fuller 
ei ai . 1064), containing antibiotics (500 mg each of pen- 
icillin-G and streptomycin sulfate per liter). Seawater 
controls were also cultured. After an additional 3-5 days 
the plates were examined for the presence or absence of 
chytrid thalli. Other substrates from the habitat of C. an- 
thonyi were not examined for chytrids. 

Pure cultures of R littoreum were isolated from the 
eggs of different crabs on numerous occasions. Isolated 
cultures of R. littoreum were grown in sterile liquid MV 
medium (MV as above with 1.0 g agar instead of 15.0 g 
agar). Cultures were maintained both with, and without, 
antibiotics (500 mg/1 each of penicillin-G and strepto¬ 
mycin sulfate. Sigma Co.) at 15° and 20°C. 

To establish the host-symbiont relationship, live and 
dead crab eggs (sec below) were exposed to the chytrid 
separately and in combination. Before exposure, egg¬ 
bearing setae were removed from the pleopod and placed 
in UV-filtercd seawater. Samples consisting of 80-300 eggs 
that were attached to individual and intertwined setae 
were counted, and the number of dead eggs and their 
apparent cause of death ( e.g ., mechanical disruption, in¬ 
fertility, etc.) were noted. After they had been counted, 
the samples were washed in UV-filtered seawater con¬ 
taining 1.0% bleach for 3-5 min to kill or remove micro¬ 
organisms. They were then placed in 35 X 10 mm plastic 
petri dishes with 3.0 ml of UV-filtered seawater containing 
antibiotics (500 mg/1 each of penicillin-G and strepto¬ 
mycin sulfate). Combinations of live and dead eggs (80- 
300 of each per replicate) were then exposed to approxi¬ 
mately 1000 zoospores of R . littoreum. 

Samples of egg-bearing crab setae (80-300 eggs/sample) 
were plunged into liquid Freon (Pelco) in a metal dish 
jacketed with liquid nitrogen. The eggs thus killed were 
thawed in ice cold seawater, and equilibrated to 15°C. 
The samples were then counted and the few broken eggs 
w ere recorded. The coats of the eggs killed in this manner 
were not grossly disrupted. 

The effect of zoospore density on mortality was deter¬ 
mined by exposure of eggs to 10, 100, and 1000 zoospores/ 
ml at 15°C. Zoospores from cultures of R littoreum were 
counted with the aid of a hemocytometer (Levy counting 
chamber). Three replicates of the culture were counted 
and the appropriate dilutions were made to give estimated 
densities of 10. 100, and 1000 zoospores/ml. From eight 
to ten replicates were examined in each treatment. A sep¬ 
arate treatment of eggs exposed to antibiotics and diluted 
MV medium served as the control. Crab egg mortality 
(/>., the number of living or dead eggs attacked by the 


chytrid) was assessed every two to three days for ten days. 
Eggs in control exposures experienced negligible mortality. 

Results 

Rhizophyclium littoreum was identified by Dr. D. J. 
Barr (Fig. 1). Representative specimens (Barr #580) have 
been deposited at the Biosystematics Research Centre 
(Wm. Saunders Bldg., C.E.F. Ottawa, Ontario, klA 0C6, 
Canada). The monocentric thalli of R littoreum ranged 
from 30 to 90 pm wide on crab eggs and in MV medium. 
Smaller immature thalli were also observed. The thallus 
was epibiotic and typically resided externally on the crab 
egg with the rhizoids penetrating through the egg coat 
into the contents of the egg. An apophysis was occasionally 
observed in MV culture. In culture, the life cycle of the 
chytrid took approximately 3-5 days from the zoospore 
stage to the production of a mature sporangium (at 15°C). 


A 



Figure 1 . (A) Rhizophydium littoreum from culture; sporangium (t) 

and rhizoids (arrow); bar 50 ^m. (B) Rhizophydium littoreum in live 
eggs only treatment. Note the dead egg (d) with lhallus attached (arrow), 
and live egg (star); bar = 100 
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Zoospores were posteriorly uniflagellate and ranged in size 
from 3 to 4 jum in diameter. 

Live eggs that were successfully attacked by the chytrid 
lost all internal integrity over the course of 2 days at 15°C. 
Live eggs that were unsuccessfully attacked by the chytrid 
developed normally. The chytrid survived infrequently 
on the external coat of unsuccessfully attacked eggs. The 
thalli of these chytrids did not grow larger than 40 jum 
and did not produce zoospores. The rhizoids of these thalli 
were directed outward into the surrounding medium and 
did not appear to penetrate the egg coat. 

The prevalence of R. littoreum from Cancer anthonyi 
was established by regular monthly or bimonthly samples 
of eggs taken from crabs from the Santa Barbara Channel 
off the coast of southern California. Prevalence ranged 
from 14 to 52% of the broods examined (overall preva¬ 
lence ~ 29%, N = 225) throughout the year (Oct. 1985- 
Sept. 1986) but showed no significant seasonality ((7 H 
- 12 , P< 0 . 10 , df= 8 ). 

RhizophyiHum littoreum attacked dead eggs preferen¬ 
tially (Figs. 2, 3). No significant differences were observed 
between the proportion of dead eggs attacked by the chy¬ 
trid in the presence or absence of live eggs (80-300 of 
both live and dead eggs) (/-test between dead with live 
and dead only, P < 0.05, 7 of 7 comparisons at day 10). 
In the presence of live and dead eggs, the chytrid preferred 
dead eggs. Significantly more dead eggs were attacked by 
the chytrid than were live eggs (ANOVA, Bonferroni's 
inequality, P < 0.05, four comparisons/experiment), ex¬ 
cept in the LDS 1 treatments between live eggs and dead 
eggs exposed to 100 zoospores (Fig. 3B, C). It attacked 
and killed live eggs only at high zoospore densities (Fig. 
2, 1000 zsp/ml initial exposure) or when zoospores were 
visible at high densities in treatments (Fig. 3A, B, typically 
3-6 days after exposure). In the presence of dead eggs, 
significantly fewer live eggs were attacked and killed in 
several treatments than were live eggs from separate ex¬ 
posures (/-test between live with dead and live only, P 
< 0.05, 3 of 7 comparisons at day 10). No significant dif¬ 
ferences were observed in the proportion of live eggs at¬ 
tacked by the chytrid in 4 of 7 comparisons (at day 10) 
in the presence or absence of dead eggs (/-test as above, 
P> 0.05). 

The stage of egg development did not influence the 
proportion of dead eggs attacked by the chytrid. In con¬ 
trast, on live eggs, the chytrid preferred eggs in later stages 
of embryogenesis (Fig. 2). Significantly fewer live eggs were 
attacked in early stages of embry ogenesis (EDS 1) than in 
later stages (ANOVA, arcsin transformation of propor¬ 
tions, Sidak's inequality, P < 0.01), but this pattern was 
not consistent between experiments (e.,g., compare Fig. 
3B, E). 


(A) Live eggs 



III 


I (with dead) 


(B) Dead eggs 



Figure 2. Infection dynamics of Rluzophydium littoreum on (A) live 
eggs and (B) dead eggs after exposure lo 1000 zoospores. Live eggs in 
the presence of dead eggs are noted (with dead). Roman numerals refer 
to early (EDS 1), middle (FDS 11), and late (EDS III) stages in embryo- 
genesis (Shields and Kuris, 1988; Shields ct al., 1990). Error bars not 
shown. *P < 0.05, significantly different from treatment with live eggs 
alone (Mest between EDS I live eggs alone and live eggs with dead eggs, 
al day 10). Not shown is the dead eggs in the presence of live eggs treat¬ 
ment The data were not significantly ditTerent from the dead eggs only 
treatment 


Discussion 

The results show conclusively that R littoreum can kill 
live eggs, but it prefers dead eggs. Under natural conditions 
(/.e , low zoospore density), R littoreum may be a facul¬ 
tative parasite, but it is more likely a saprobe that lives 
on dead eggs. Indeed, in some cases, fewer live eggs were 
attacked by the chytrid when dead eggs were present than 
when dead eggs were absent. 

Less conclusive in the laboratory was the relationship 
between crab embryogenesis and chytrid-related mortal¬ 
ity. Consistent patterns were not observed (e.g.. Fig. 3B, 
E). Variations in fungal pathogenicity or host resistance/ 
susceptibility manifested by slower growth rates of the 
thalli or decreased zoospore production may account for 







EDS I 


EDS II 





(C) Dead e gg a 



(F) 


Dead eggs 



Days post-exposure 


Figure 3. 1 nfeetion dynamics of Rhizophydium littoreum on eggs of different developmental stages (FDS 

1 or 11) after exposure to different zoospore densities. Eggs were exposed to densities of 10 zoospores (triangles 
and dashed lines), 100 zoospores (boxes and dotted lines), and 1000 zoospores (circles and solid lines). Error 
bars not shown. *R < 0.05, significantly different from treatments with live eggs alone (Mest, day 10). Not 
shown is the dead eggs in the presence of live eggs treatment. The data were not significantly different from 
the dead eggs only treatment 
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the differences in attack rates of the chytrid between EDS 
classes. Pathogenicity and resistance have been examined 
in fungi-plant associations Miedaner, 1988;DeNooij 
and Van Damme, 1988; Alexander, 1989), but have re¬ 
ceived scant attention in marine associations. The exper¬ 
imental protocol can easily be manipulated to examine 
these factors in more detail. 

Chytridiomycetes develop in a variety of live and dead 
fungi, algae, diatoms, and higher plants (Sparrow, 1963). 
They damage host cells or tissues by direct penetration of 
rhizoids, which in the living host results in death. Chytrids 
can occur as saprobes, and facultative and obligate par¬ 
asites in nature (Barr, pers. comm.). 

Previously, Rhizophydium hlloreum has only been re¬ 
ported from the siphonous green algae, Bryopsis plumosa 
and Codiwn sp. (Kazama, 1972: Anion, 1984). It can be 
readily established in different culture media (Kazama, 
1972; Amon, 1984, 1986). Chytnd parasites of other Me¬ 
tazoa have been reported from the eggs of cestodes and 
rotifers (Sparrow, 1963) and from aquatic copepods and 
ostracods (Whisler el ai, 1974; Weiser, 1977). A ehytrid- 
like organism from the branchial lamellae of a shrimp 
(Uzmann and Haynes, 1969) may be a thraustoehytrid, 
Schizochvtrium. 

Dead eggs are abundant in the broods of many decapod 
crustaceans (for review see kuris, 1991). Indeed, popu¬ 
lations of several commercially harvested spec ies have re¬ 
cently suffered catastrophic brood losses to symbiotic 
agents (Wickham, 1986; Kuris el ai , 1991). Cancer an- 
thonyi . however, experiences a relatively small degree of 
egg mortality ('--'5.0%, Shields el ai, 1990). This small 
degree of egg mortality translates into several thousand 
dead eggs per brood because a large (>140 mm carapace 
width) Cancer anihonyi can oviposit up to 3 million eggs 
(Shields, 1991). Hence, sufficient dead eggs to provide a 
substrate for R. hlloreum may occur in the egg masses of 
the majority of the ovigerous population of C. anihonyi. 
In addition, female Cancer crabs bury themselves in the 
substrate during oviposition; their broods may become 
infested with the chytrid at that time. 

Several species of zoosporic fungi occur on the eggs of 
decapods (e.g., Alkinsielta diib'ta, Ilahphthoros milfor- 
densis, Lagenidium callinecles, Lepiolegniella manna, 
Pylhium lhalassium ). The use of live and dead egg treat¬ 
ments may help to establish the role of these zoosporic 
fungal "pathogens." In addition, the experimental pro¬ 
tocol may help to elucidate the roles of egg parasites in 
other systems. 
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